Presented is the adoption of fractal approaches for identification and monitoring of small channel slabs in advanced railway track science. The assessment of the problem is presented. The analysis is based on wave approaches. Some structural applications and testing in situ are submitted.
Introduction
Some properties of the small channel slabs used in advanced railway engineering are studied. The identification and monitoring of such elements is done by fractal modelling. The fractal object has in essence the same configuration irrespective of its blowing up. This idea increased to infinity by "the motive in the middle of motive in the middle of another motives" is called "self-similarity" (recursion or picture in the picture). The shape of fractal is still the same in any gauge of length. Such approach, with automatic variability of the element mesh in space and time, is advantageous for the assessment of ultimate response of advanced small channel slabs.
The fractals can be used for modelling of dynamic systems with simplified patterning of tree or plant branching. However, some structures exist which don´t correspond with simple geometric figures. Their feature is that they consist of parts and each part is the miniature of the whole. There exist geometric objects created as progression limits of the sets formed into figures with decreasing gauge of the basic pattern. One of them is the cellular automat as a dynamic system formed by a cell structure in the N-dimensional space, the most often N = 2, so called 2D CA. The cells create even lattice. Every cell can assume one of K possible states in the time step studied. The values of the cell states in the next time steps are specified by local transitional function. The independent variable is the actual state of investigated cell and of all surrounding cells.
The aplication of CA-modeling for assessment of small channel slabs in railway track science is made below. The motion of vehicles on the rail is modeled by 2D CA. The trails are modeled by traffic circles in which 2D CA follows each other.
Analysis
Recent advances in mechanics have submitted all necessary tools for fractal modelling of small channel slabs in present railway track science. Real time monitoring is used for the assessment of the response of such structures subjected to forcing by moving trains. The state of small channel slab is estimated by measurement and identification. The presumption of standing waves with exchange of potential and kinetic energies appearing in fractal modelling is adopted. Figure 1 . View of the small channel slab studied
The small channel slab in Figure 1 is radiated by waves and modelled by 2D CA. The response is propagated into all elements of the slab and rail. The wave propagation has two physical aspects -the source of waves and the medium where they are propagated. The waves initiated in the source and filtered into a slab are specified by spectral evolution based on definitions:
1. Each forcing function x(t) is interpreted in integral form by
with orthogonal complex process A() and with the frequency .
The linear transformation y(t) of function x(t) is
with admittance function H().
The spectral density of functions x(t) and y(t) is
The stationary waves are emitted from source with complex amplitude F(,z o ) and with longitudinal dimension z = z o . The wave superposition is given by
Possible inhomogeneity in the small channel slab is touched by propagating waves. The response spectrum of inhomogeneity is given by
The response spectrum obtained is used for specification of updated physical parameters in identification and monitoring of small channel slabs studied.
Identification
Forcing of the small channel slab by white noise processes e x (t k ) and e m (t k ) is assumed. The time equivalents x(t k+1 ) and y(t k+1 ) are given by
where the state vector x contains the elements related to specification of stochastic properties of input data and of system matrices F, B and G. The covariance matrices for assumed forcing are R x (t i ) and R xm (t i ). The relation between covariance matrices Y(t i ) of the process y(t k ) and the system matrices of the time model is given by
with
The Hankel matrix is established by adoption of covariance matrices Y k (t i ). The identification is given by:
1. Specification of the Hankel matrix of the problem.
Adoption of singular value decomposition of the Hankel matrix by
with U and V as orthogonal matrices and T as diagonal and semidefinite matrix of singular values.
3. Specification of the system matrices by 5. Calculation of modal parameters from eigenvalues and eigenvectors obtained.
6. Repeated calculations from the step 4 for increasing system submatrix of dimension m.
The response of the slab is calculated in advance. The forcing P j (t) located in node j (j = 1, 2, 3, ... n) in time t is considered. The response function in node i is given by X i (t) (i = 1, 2, 3, . .. m). The symbol g ij () specifies the spectral response function in node i due to unit impulse e it given by X(t) =  g(t) P(t) dt (15) with the vectors X(t) and P(t) of the functions X i (t) and P i (t), respectively. The symbol g(t) is the (m x m)-matrix of functions g ij (ω). The response is given by
where N(ω) is the complex transfer function of the small channel slab studied and M Y (ω) is the response transform of the forcing M P (ω). The complex transfer function N(ω) defines the spectral characteristics of the small channel slab under adoption of above mentioned identification approach and specifies the amplitude and phase shift of structural response related to harmonic components of forcing adopted. In scope of the wave analysis an updated structural geometry is given by a multigrid space fractal mesh. In updated Lagrangian formulation of motion the major geometric nonlinearities are implemented into coordinate transformations of the fractal mesh used. The fractal mesh works with dynamic variability of the mesh sizes adopted (Tesar, 1985 and 1988 ).
Application
The assessment of vertical accelerations in typical small channel slab initiated by train forcing was studied. The slab response forced by the loc running with various velocities was analysed. In addition, the testing of the slab subjected to impulse forcing was made. The motion of the loc on the rail was modelled by 2D CA. The small channel slab was modelled by the circles in which 2D CA followed each other. Testing approach and equipment adopted are described below.
The calculated modes of the slab vibration are in Figure 2 . The measurement equipment adopted is in Figure 3 In scope of the frequency analysis the corresponding power frequency spectra were obtained. The frequency analysis is plotted in Figure 5 . The accelerations in gauge A3 (see Fig. 4 ) caused by the run of the loc with speed 38.28 km/h, are in top part of Figure 5 . The corresponding power frequency spectrum, with measured dominant frequency 56.37 km/h (calculated one is 56.72 Hz), is in down part of Figure 5 . The dominant frequency 56.37 Hz was found in scope of the frequency analysis of accelerations in gauges A1 and A2. The power frequency spectrum, evaluated on the basis of accelerations in gauge A1 for the same loc run, is in Figure 6 .
Similar results were obtained in the analysis of the slab accelerations due to impulse loads adopted. In top part of Figure 7 is the time response in gauge A1 corresponding to impulse forcing. In down part of Figure 8 is the corresponding power frequency spectrum with measured dominant frequency 56.11 Hz (calculated one is 56.47 Hz). The response of the slab accelerations registered in the gauge A1 is in top part of Figure 8 . The forcing was made by impulse acting on the soil surface and distanced 1 m from the slab edge. In down part of Figure  8 
Conclusions
The small channel slabs are used for present high speed rail tracks. For analysis, monitoring and reliability assessment of such slabs the fractal modelling was developed. The input data obtained by experimental measurements in situ were used. The monitoring of actual small channel slab as application is presented. The comparisons have shown good approximation of numerical and experimental results obtained. 
